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Background/Aims; Interaction between CYP2E1, 
ethanol metabolites, and enhanced lipid peroxidation 
is link ed to the pathogenesis of alcoholic liver disease. 
This study was conducted to compare the expression 
of various cytochrome enzymes and the appearance of 
aldehyde adducts in humans. 

Methods: Acetaldehyde- and lipid peroxidation-de¬ 
rived protein adducts and CYP2A6, 2E1, and 3A4/5 
were examined immunohistochemically from liver 
specimens of 12 alcohol abusers with either mild {«= 
7) or severe (n=5) liver disease, and from nine non- 
drinking patients with non-alcoholic steatosis («=4), 
or hepatitis (n=5). 

Results: Ethanol-inducible CYP2E1 was present in all 
alcoholic livers. While CYP2A6 in zone 3 hepatocytes 
was also abundant in the alcoholic patients with vari¬ 
ous degrees of liver disease, CYP3A4/5 was most 


T he microsomal ethanol-inducible cytochrome 
P450 (CYP) form, CYP2E1, has been shown to 
play a pivotal role in the pathogenesis of alcoholic liver 
disease (ALD), largely by its potential for free radical 
generation and induction of lipid peroxidation (1-3). 
Extensive ethanol consumption may, via CYP2El-de- 
pendent pathways, generate reactive aldehydes, such as 
acetaldehyde and malondialdehyde. These compounds 
can bind to proteins and cellular constituents (4—6) and 
contribute to a variety of adverse effects of ethanol 
including fibrogenesis (7-9) and malignant transform¬ 
ation (10,11). 
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prominent in alcoholic cirrhosis. The sites of CYP2E1 
and CYP2A6 innmmoreactivity co-localized with 
fatty deposits, and with the sites of acetaldehyde and 
lipid peroxidation-derived protein adducts. The CYP 
enzymes were also abundant in the centrilobular 
hepatocytes of patients with fatty liver due to obesity 
or diabetes. 

Conclusions: Alcohol-induced liver damage is associ¬ 
ated with a generalized induction of CYP2A6, 
CYP2E1 and CVP3A4 and generation of acetalde¬ 
hyde and lipid peroxidation-derived protein-aldehyde 
adducts. However, CYP induction also occurred in pa¬ 
tients with non-alcoholic steatosis. 


Key words: Diabetes; Ethanol; Hepatitis; Hepatotox- 
icity; Microsomal metabolism. 


The effects of distinct hepatotoxic compounds on 
several CYP forms and hepatic metabolic character¬ 
istics have been previously characterized in several 
studies (For review, see 12). For instance, mouse liver 
CYP2A5 which metabolizes coumarin at 7-hydroxyl 
position has been shown to respond to several hepato¬ 
toxic agents (13). Its expression is increased in chronic 
inflammation caused by hepatitis B (14), in hamsters 
after infection by a liver fluke (15) or in connection 
with hepatic malignancy (16). In humans such causal¬ 
ity has, however, not been explored. Although CYP2A 
expression has been shown to be increased as a result 
of cocaine administration in mice (17), no studies have 
so far been available on the interaction between 
CYP2A and ethanol. However, CYP3A4/5, which is 
quantitatively the most abundant component of hu¬ 
man P450s in the liver, appears to respond to ethanol 
in cultured human hepatocytes (18) and in livers from 
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experimental animals (19,20). Metabolism of ethanol 
by CYP3A in human microsomes of non-alcoholics 
has also been recently described (21). 

In the present work, we have compared the express¬ 
ion of CYP2E1, CYP2A, and CYP3A in liver speci¬ 
mens from human alcoholic and non-alcoholic patients 
with various stages of liver disease. Our study suggests 
an association between induction of several CYP forms 
and the production of protein-aldehyde adducts. 

Materials and Methods 

Patients 

The present study protocol and the use of human tissue samples was 
approved by the Ethics Committee of the University of Oulu, and the 
study was carried out according to the principles of the Declaration 
of Helsinki. The study subjects were patients undergoing'surgery or 
liver biopsy. In all of them a liver biopsy was necessary Tor routine 
diagnostic purposes. Prior to the study, informed consent was ob¬ 
tained from each subject. 

Liver biopsies were obtained from 12 patients with a history of 
excessive alcohol consumption, seven of whom were alcohol abusers 
with a history of spree drinking and repeated inebriation, but with 
no apparent clinical or biochemical signs of severe liver disease. Histo¬ 
logical examination revealed mild to moderate fatty change. A sub¬ 
group of five alcoholics with advanced liver disease including fibrosis 
and inflammatory changes was also examined. The self-reported alco¬ 
hol consumption of these patients varied between 60 and 240 g per 
day, and was not significantly different between the two groups of 
alcohol abusers for the period of the 3 months prior to sampling. In 
addition, the present study included a sample of nine non-drinking 
patients, who had fatty liver due to obesity or diabetes (tf—4) Or non¬ 
alcoholic hepatitis (three with hepatitis C. one with hepatitis B, and 
one with reactive hepatitis) (Table 1). 

The biopsy specimens were divided into two parts and processed 
for routine histological examination, and immunohis to chemical 
studies, as described below. Microsomal fraction was isolated by stan¬ 
dard uUracentrifugation techniques, Countarin 7-hydroxylase (COH) 
activity was carried out according to the method of Aide (22). 

Preparation of antisera 

Antisera against MDA-LDL were raised by immunizing male guinea 
pigs with homologous MDA-LDL prepared as previously described 
(23). Antibodies against the acetaldehyde modified protein (AA1) 
were raised by immunizing rabbits with BSA conjugated with 1 mM 
acetaldehyde, prepared under reducing conditions (5,24). For the de¬ 
tection of CYP2E1 and CYT3A, previously well-characterized mono¬ 
clonal anti-CYP2El (1-98-1) and ami-CYP3A2 (2-13-1) antibodies 
were used (13,25). For the detection oT CYP2A. a polyclonal chicken 
antibody was used (26). 


Western blot analyses _ 

Western blot analyses were performed using 30% polyacrylamide gels. 
The nitrocellulose filter containing the resolved human microsomal 
proteins was incubated for 2 h with the diluted (1:10000) primary 
anti-CYP2A5 antibody (in 20 mM Tris HC1, 500 mM NaCl, pH 7.4) 
containing 2% powdered milk to block non-specific binding sites. 
After washings with TBS-0.08% Tween 80, the filter was incubated 
with peroxidase-conjugated rabbit anti-chicken/turkey IgG(H-l-L) 
antibody (1:10 000) (Zymed Laboratories, San Francisco, USA). 
After washings the bands were detected on films after a 5-min ex¬ 
posure. The polypeptide bands were visualized using a chemilumines¬ 
cent substrate (Amersham, UK). 

Histological and immunohislochemicai examinations 
Liver biopsy specimens were fixed in 4% neutral-buffered formalde¬ 
hyde, dehydrated, and embedded in paraffin. Routine histology was 
examined after hematoxylin and cosin staining and with the Weigert 
van Gieson for collagen. The presence of fat, inflammation, and fi¬ 
brosis was scored by two independent observers (ON, SP) using a 
scoring scale between 0 (normal) to 4 (maximal change) for each par¬ 
ameter (20). 

For immunohistochemistry the sections were stained by the biotin- 
streptavidin complex method. The stablings of each sample were car¬ 
ried out with the immune and non-immune sera under similar strictly 
controlled conditions. The immunohistachemical stainings were car¬ 
ried out as previously described (20). Intensity of the staining was 
scored independently by two of the investigators (ON, SP) in a blind¬ 
ed fashion as follows: 0, no reaction, 1, scanty reaction, 2, weak reac¬ 
tion, 4, moderate reaction. 6, strong reaction. 

Statistics ~ ~ 

The values are expressed as mean±SE. Testing for differences between 
indexed values was performed by the Mann-Whitney test or by the 
Krusk all-Wallis test, as required. Differences were considered signifi¬ 
cant at £<0.05. Spearman’s rank correlation, test was used to calculate 
correlations between the different variables. The abbreviation r s 
stands for the correlation coefficient for the Spearman’s rank corre¬ 
lation test. 

Results 

The present sample of alcoholic patients consisted of 
12 patients with either early-phase (n~7) or advanced 
liver disease (n—5), and of nine patients with non-al¬ 
coholic fatty liver (n= 4) or hepatitis (n=5). The rel¬ 
evant clinical and biochemical data of the study sub¬ 
jects are summarized in Table 1. 

The cellular distribution and the amount of various 
CYP forms was found to vary between the different 
study groups. Results of the immunohistochemical 


TABLE 1 


Characteristics of the different study groups with either alcoholic or non-alcoholic liver disease 


Group 

Age 

M/F 

GT 

AST 

ALT 

Alcoholic patients 

Early phase liver disease (n=7) 

47.43±3.46 

6/1 

61.40±15.93 

56.14+13.90 

4G.0Q+9.27 

Advanced liver disease («=5) 

49.00+4.93 

4/1 

167.20+33.30 

56,40-14.88 

42.40+6.93 

Non-alcoholic patients 

Fatty liver (n=4) 

4S.50±7.40 

1/3 

35.00+8.39 

32.50±5.61 

62.20±J 6.06 

Hepatitis (rt=*5) 

53.20+6.18 

3/2 

142.00 + 34.48 

135.25+56.48 

_ 112.75+42.93 


M/F=mate/fema(e; GT^garnma-giutaroyltransferase. 

AST' aspartate aminotransferase. ALT=alanine aminotransferase. 
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stainings for CYP2E1, CYP2A, and CYP3A in the 
early phase of ethanol-induced liver disease, in ad¬ 
vanced alcoholic liver disease, and in non-alcoholic ste¬ 
atosis, or in hepatitis are shown in Fig. 1 and 2. All 
the alcoholic patients showed increased intensity of 
CYP2E1 immunostaining in acinar zone 3 hepatocytes 
(Fig. 1A, B) as compared with the non-alcoholic pa¬ 
tients (Fig. 1C, D), the greatest intensities being ob¬ 
served in patients with alcoholic hepatitis and cirrhosis 
(Fig. 1A). However, the patients with non-alcoholic 
steatosis also showed positive immunostaining for 
CYP2E1 (Fig. 1C), which exceeded that obtained from 
patients with non-alcoholic hepatitis (Fig. ID). 

While the use of monoclonal anti-CYP2El and anti- 
CYP3A antibodies in hepatic immunohistochemistry 
has been well characterized (27), the immunological 
properties of the anti-CYP2A antibody have not been 
previously established in pathological liver samples. 
Therefore we confirmed its usefulness for the present 
study in Western blot analyses with human liver speci¬ 
mens. Fig. 3 shows the data from the microsomal frac¬ 
tion of an alcoholic patient with coumarin 7-hy- 
droxylase activity of 265 pmol/mgXmin. The anti- 
CYP2A antibody recognizes dose dependently one 
band with the molecular weight of 49 kD, while the 
purified antigen from pyrazole-induced mouse liver 
microsomes recognizes a 50-kD band (26). The pat¬ 
terns of immunostaining for CYP2A enzyme from the 
same patients, as demonstrated in Fig. 1 A-D, are 
shown in Fig. 1E-H, respectively. Strong positive im¬ 
munostaining was found in alcohol abusers (Fig. 1E- 
F), although it was also found in non-alcoholic ste¬ 
atosis (Fig. 1G). The acinar distributions of both 
CYP2E1 and CYP2A were found to follow the acinar 
distribution of steatosis, sometimes extending through 
acinar zone 3 to zones 2 and 1 (Fig. 1C, G). 

In contrast to the sporadic pattern of imrnunostam- 
ing of CYP2A and CYP2E1, CYP3A was more evenly 
distributed in all hepatocytes. Although the immuno- 
detectable CYP3A was present in variable amounts in 
the liver disease patients, the differences between the 
individual samples were less striking (Fig. II-L). The 
most abundant amounts of CYP3A were observed in 
alcoholic cirrhosis (Fig. 11). 

The data on the semi-quantitative analyses of the 
various CYP forms are summarized in Fig. 3. The 
most intense reactions for CYP2E1 were noted in pa¬ 
tients with advanced ALD, which were followed by 
those obtained from the patients with the early-phase 
ALD and from those with non-alcoholic steatosis, re¬ 
spectively. Both of the latter groups showed, however, 
significantly less intensive reactions than the patients 
with advanced ALD (p<0.01 for both comparisons). 


Cytochromes and protein adducts in liver disease 

CYP2A also showed increased expression in advanced 
ALD and in non-alcoholic steatosis, both of the above 
groups showing levels higher than the levels in the 
groups with early-phase ALD or non-alcoholic hepa¬ 
titis (Fig. 4). The amount of CYP3A was significantly 
higher in severe ALD than in the early-phase ALD 
(p<0.0l). The reactions in the Former group were also 
significantly higher than those in non-alcoholic hepa¬ 
titis (p<0.05). A significant correlation emerged be¬ 
tween the semi-quantitative amount of CYP2E1 and 
CYP2A (r s = 0.539, p<0.05), and between CYP2A and 
CYP3A (r s =0.474, p<0.05) in the analyses including 
all study subjects. In the subgroup of alcoholic pa¬ 
tients, the correlations between CYP2E1 and CYP2A 
and CYP3A were r s =0.548 (not significant) and r s — 
0.804 (p<0.01), respectively. In the non-alcoholic pa¬ 
tients a significant correlation was found between the 
amount of CYP2A and CYP3A (r s =0.682,p<0.05). 

The staining intensities for protein adducts with 
acetaldehyde and MDA are summarized in Fig. 5. As 
shown, the most profound reactions for AA adducts 
were noted in patients with ALD. MDA adducts were 
also elevated in patients with advanced ALD, although 
the patients with non-alcoholic hepatitis also showed 
increased amounts of hepatic MDA adducts. Positive 
associations were observed with MDA-adducts and the 
degree of hepatic inflammation and fibrosis both in the 
sample of alcoholic (r s =0.474 and r s =0.520, n=12) 
and non-alcoholic (r s =0.564 and r s =0.579, n=9) liver 
disease, although these correlations did not reach stat¬ 
istical significance. 

Discussion 

A major finding that emerged from this study is the 
increase of multiple CYPs, CYP2E1, CYP2A and 
CYP3A, in human alcoholic liver disease (ALD). In¬ 
creased expression of the different CYP forms oc¬ 
curred concomitantly with the formation of protein 
adducts with acetaldehyde, the first metabolite of etha¬ 
nol, and malondialdehyde, a product of lipid peroxi¬ 
dation. The acinar distributions of CYP2E1 and 
CYP2A were also found to follow those of the protein 
adducts and steatosis, suggesting that the induction of 
these CYPs may be connected with the appearance of 
the initial lesions of ALD, which are typically confined 
to zone 3 hepatocytes (1,19,20). 

Previous studies in experimental animals have indi¬ 
cated that chronic alcohol consumption increases the 
content and catalytic activity of hepatic CYP2E1 in 
microsomes and increases the sensitivity of hepatic 
microsomes to lipid peroxidation (2,28,29). Inhibition 
of CYP2E1 has been shown to prohibit early changes 
of alcoholic liver injury (2,28). The present data indi- 
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Fig. 1. Irnmunohistochemical staining for cytochrome (CYP)2El (A-D), CYP2A (E-H), and CYP3A (l-L) inhuman 
patients with liver diseases. A-H: left panel: low power view, right panel: high power view. A: CYP2E1 reactions in a 59- 
ycar-old woman with alcoholic cirrhosis. A strong positive reaction is seen in the surviving hepatocytes. B: CYP2Et reactions 
in a 55-year-old man reporting episodes of heavy drinking and a total consumption of400 g of ethanol per week: C: CYP2E1 
in the liver of a 65-year-old woman with diabetes. A marked fatty change is present: D: CYP2EI in the liver of a 72-year-old 
woman with non-alcoholic (reactive) hepatitis and sinusoidal dilatation in liver biopsy- E-H: Irnmunohistochemical staining of 
the same liver samples by the antibodies detecting CYP2A6. respectively. I through L: Irnmunohistochemical staining of the 
same liver samples by the antibodies detecting CYP3A4, respectively. All CYPforms were increased in alcoholic liver disease. 
Positive staining also occurred in the liver of patients with non-alcoholic fatty liver due to diabetes or obesity. 
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Fig. 2. Immimohistochemical staining with non-immune serum from the same patients as shown in Fig. 1, respectively. No 
specific staining is seen. 


cate that CYP2E1 induction in zone 3 hcpatocytcs is 
associated with the formation of protein-aldehyde ad¬ 
ducts. Current data further show increased amounts of 
CYP2A and CYP3A in the same vicinity. The latter 
observation is in accordance with recent cell culture 
findings (18) and studies from ethanol-fed experimen¬ 
tal animals (19,21) indicating that CYP3A may 1 also 
be induced by ethanol consumption. However, in the 
present sample of non-alcoholic liver disease increased 
levels of CYP3A were found together with relatively 
small amounts of protein-aldehyde adducts, indicating 
that the simultaneous induction of several CYP forms, 
as seen in alcoholic livers, may be necessary for the 
stimulation of adduct formation to immunohistochem- 
ically detectable levels. It is also possible that oxidative 
stress affects the expression of distinct CYPs dif¬ 
ferently. While CYP2E1 and CYP2A positive reactions 
were limited to sporadic areas around the central vein, 
the CYP3A positive reaction was more evenly distrib¬ 


uted throughout the hepatocytes despite the liver path¬ 
ology. 

To our knowledge, induction of CYP2A by ethanol 
in human patients has not been previously demon¬ 
strated. However, the basal COH activity is known to 
be high in both mouse and human liver. In mice, the 



kDa 16gg 8pg 4pg 1.2 2.5 


MW Microsomal protein pmol of CYP 2A5 

Fig. 3. Western blot analysis front a patient With alcohol 
abuse and early-phase liver disease. A dose-dependent stain¬ 
ing was obtained in one band at the molecular weight of 49 
kD . A 10% polyacrylamide gel was used Samples of 4 fig, 
8 fig and 16 fig of microsomal protein and 1.25 and 2.5 
pmol of purified CYF2A5 antigen were loaded on the gel. 
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Pig. 4. Relative intensities of the immunohistochemical stainings for the various CYP forms in the different study groups. 
Liver samples were stained by the antibodies detecting CYP2E1, CYP2A6, and CYP3A4 and scored as indicated in the 
Methods section. The data indicate means±SE. The arrows indicate the statistical differences between the values as tested 
by Mann- Whitney test. 
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Fig. S. Relative intensities of the immunohistochemical stainings for protein adducts with acetaldehyde (A A) and malondial- 
dehyde (MDA) in the different study groups. Liver samples were stained by the antibodies detecting protein adducts and 
scored as indicated in the Methods section. The data indicate meansLSE. The differences between the values of the study 
groups as tested by Mann-Whitney test are indicated. 
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expression of CYP2A5 has been linked with several 
hepatotoxic processes, such as exposure to toxic chemi¬ 
cals, parasites, or malignancy (13-16,26). Its express¬ 
ion can be enhanced by a variety of structurally' unre¬ 
lated hepatotoxic compounds, such as cobalt, cerium, 
indium, carbon tetrachloride or hexachlorobutadiene 
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(13,30,31). Expression of mouse CYP2A5 also in¬ 
creases as a result of overt liver damage (13,17,32). Ac¬ 
tually, CYP2A may be a major catalyst of xenobiotic 
metabolism in damaged liver (33). However, the causal 
relationships between COH induction and various liver 
damaging processes have not yet been identified. Inter- 
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estingly, in mice with nitrosamine-induced liver damage 
hepatic CYP2A expression increases, showing a co¬ 
localization with aflatoxin adducts (34). Our present 
results, shoving in an analogous manner that the in¬ 
crease in immunodetcctablc CYP2A co-Iocalizes with 
aldehyde adducts in human alcoholic liver disease, in¬ 
dicate that CYP2A expression is linked to processes 
which lead to the production of reactive oxygen species 
or radicals and eventual liver damage. In mice, cocaine 
bioactivation has been previously shown to produce 
electrophiles which induce apoptosis (35) within a few 
hours, followed by increased CYP2A4/5 expression 
and liver damage within 24 h (17). The human orthol- 
ogous counterpart, CYP2A6, is expressed in the liver 
with a wide interindividual variation (36,37), and its 
expression in man has been previously suggested to be 
linked with hepatic malignancies (26). 

Induction of CYPs appears to coincide with the ap¬ 
pearance of protein-aldehyde adducts. In experimental 
animals, the appearance of aldehyde adducts has been 
previously linked to stimulation of fibrogenesis, in¬ 
creased serum aminotransferase levels, accumulation of 
fat and signs of hepatocellular necrosis and inflam¬ 
mation (9,20). In the present work positive associations 
were noted with the amount of MDA-adducts and he¬ 
patic inflammation and fibrosis both in alcoholics and 
non-alcoholics, although these associations did not 
reach statistical significance. Nevertheless, it has been 
previously shown that generation of aldehyde adducts 
may interfere with normal protein function (4,38,39), 
stimulate immunological responses (40) and activate 
carcinogenesis (10,11). For instance, adduct formation 
with CYP2E1 enzyme itself seems to occur in vivo, which 
may result in the formation of CYP2E1-containing au- 
toimmunocomplexes (41,42). The present study suggests 
that similar adducts are likely to be formed with other 
CYPs as well. Although previous studies have shown 
that the highest titers of the anti-adduct antibodies oc¬ 
cur in patients with severe ALD (40,42), the question 
whether the binding reactions could also interfere with 
the cytochrome P450 enzyme function remains to be es¬ 
tablished. Interestingly, alcoholic fibrosis has been sug¬ 
gested to be induced by mechanisms which involve an in¬ 
teraction between ethanol metabolites, CYP induction, 
enhanced oxidative stress and generation of aldehydic 
products (10,43-45). In experimental animals, diets high 
in polyunsaturated fat and low in carbohydrate, which 
induce CYP2E1 expression, also enhance oxidative 
stress and aggravate alcoholic liver injury (10,46-48). It 
should also be noted that the expression of mouse he¬ 
patic CYP3A4/5 complex is down-regulated when 
treated with com oil alone or peroxisomal proliferatar, 
clofibrate (49). 


Weltman and co-workers previously showed in¬ 
creased hepatocyte CYP2E1 expression in experimen¬ 
tal non-alcoholic steatosis (50) and in patients with 
non-alcoholic steatohepatitis, NASH (51). In the pres¬ 
ent material the patients with non-alcoholic fatty liver 
also demonstrated abundant amounts of CYP2E1, and 
in addition, CYP2A and CYP3A. Thus, the present 
data extend the previous observations to support the 
view that the pathophysiological processes leading to 
non-alcoholic steatosis may include a generalized in¬ 
duction of CYP enzymes. The generation of fatty 
change in alcoholics and in patients with non-alcoholic 
steatosis may have common CYP-enzyme-mediated 
pathogenic features (50,51). 
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